Alcohol insoluble residue of Japanese pepper fruit (Zanthoxylum piperitum DC.) is an underutilized by-product of antioxidants extraction. The content of the residue was 77.7 g/100 g dry material and the major component was sugars (57.3 g/100 g AIR). In addition, approximately one-fifth of total sugars were uronic acid. In this study, pectins were extracted from the by-product by sequential extraction with various reagents, and the chemical compositions of the pectins were then compared. As a result of the compositional analysis, Fourier transform infrared spectroscopy and size-exclusion chromatography, pectins obtained with water, oxalate and cold dilute alkali were low methoxyl pectins while pectins obtained with hot dilute acid were high methoxyl pectins. In addition, the sugar compositional analysis revealed that the oxalate soluble pectin consisted mostly of galacturonic acid, indicating that it was a pectic acid.
Introduction
Japanese pepper (Zanthoxylum piperitum DC.) is a deciduous and shrubbery tree belonging to the Rutaceae family distributed throughout the Japanese islands, China, and the Korea peninsula. The whole plant has a distinctive aroma, and its pericarp is commonly used as a spice. Hence, Japanese pepper has been investigated for its characteristic aroma and stimulant effect; its most important compounds are citronellal and sanshool (Sakai et al., 1968 (Sakai et al., , 1970 . Japanese pepper is also employed as a traditional medical food plant (Hashimoto et al., 2001) . Recently, have reported that the Japanese pepper fruit is an interesting material due to its pectin content; pectins from the pepper fruit obtained with hot acid were 8.4% (w/w) based on dry fruit, which was higher than those obtained from traditional pectin sources like apple and citrus.
Pectins are one of the main components of the primary cell walls of all plants. They are group of polysaccharides consisting primarily of D-galacturonic acid and galacturonic acid methyl ester residues interspersed with a few (1 2)-linked L-rhamnose residues linked to neutral sugar sidechains such as L-arabinose, D-galactose, D-xylose, D-mannose, and D-glucose (Ridley et al., 2001) . The degree of methylation (DM) is of importance for the use of pectins in the food industry. High methoxyl pectin (HMP; DM > 50%) forms gels at low pH with 50% or more sugar while low methoxyl pectin (LMP; DM < 50%) forms gels at a broad range of pH, with or without sugar, with calcium or other polyvalent cations. Pectins from plant sources are usually obtained as HMP. Therefore, LMP is usually manufactured by deesterification of HMP, although some LMP occurs naturally in plants (Iglesias and Lozano, 2004; Singthong et al., 2005) .
In our previous study, we reported the strong antioxidant activity the alcohol extract of the fruit of the Japanese pepper . We considered that the remaining alcohol insoluble residues (AIR) of Japanese pepper fruit obtained during the antioxidants extraction could be a good source of pectins. In order to explore the possibilities for utilization of this by-product, the aims of the present study were to determine and compare the chemical compositions of pectins obtained by sequential extraction with water, oxalate, g/100 g of the start material and reported as mean ± SD values for three independent experiments.
Sequential extraction Sequential extraction of pectins from the AIR was based on the method described by Bertin et al. (1988) . The extraction volume was adjusted to 60 mL/g of the AIR and kept constant throughout the entire extraction sequence. Each extraction step was repeated three times. The AIR was first treated with water at room temperature for 30 min. The slurry was centrifuged at 10000 × g for 10 min. The supernatants from three consecutive extractions were pooled and then filtered through a glass microfiber filter (GF/ D, Whatman International, London, UK). The extract was concentrated, dialyzed against deionized water at 4˚C and freeze-dried. The extract was named 'water-soluble pectins' (P W ). The residue of P W was then treated three times with 1% (w/v) sodium oxalate at room temperature for 30 min. The slurry was centrifuged at 10000 × g for 10 min. The supernatants from three consecutive extractions were pooled, treated as described above and named 'oxalate-soluble pectins' (P O ). The residue of P O was further treated with hot dilute hydrochloric acid (0.05 M, 90˚C) for 30 min. After extraction and prior to centrifugation, the pH of the slurry was adjusted to 4.5 with 1 M NaOH. The slurry was then centrifuged at 10000 × g for 10 min. The supernatants from three consecutive extractions were pooled, treated as described above, and named 'dilute acid soluble pectins' (P H ). The residue of P H was then treated with cold dilute alkali (0.05 M NaOH, 4˚C) for 30 min. The slurry was centrifuged at 10000 × g for 10 min. The supernatants from three consecutive extractions were pooled, treated as described above and named 'dilute alkali soluble pectins' (P OH ). The yields were reported as mean ± SD values for three independent experiments.
Determination of ash, protein and moisture content Ash content was determined by incinerating 1 g of pectins in a furnace at 600˚C for 4 h. The subsequent ash was cooled and stored in a desiccator with P 2 O 5 until weighing. Nitrogen (N) was determined by the Kjeldahl procedure and protein content was estimated as N × 5.7. The moisture content was calculated as the weight loss after drying at 110˚C for 3 h. The data were reported as mean ± SD values for three independent experiments.
HPLC analysis of sugars Pectins (200 μg) were hydrolyzed in 1.0 mL of 2 M trifluoroacetic acid for 12 h at 100C
. The hydrolysates were dried with a rotary evaporator at 40˚C, and the sugars were converted to UV derivatives with an ABEE labeling kit as described by Yasuno et al. (1999) . Aliquots (40 μL) of the ABEE reagent solution were added to 10 μL of samples, and the mixtures were then incubated at 80˚C for 1 h. After cooling to room temperature, 0.2 mL of chloroform was added to the mixtures. The reaction mixtures were vigorously shaken and then centrifuged to separate them into two layers. Aliquots (10 μL) of the upper aqueous layer were used for HPLC analysis with a Waters 2697 Alliance and 996-photodiode array detector (Waters, Milford, MA) using a Cosmosil 5C18-MS column (2 × 150 mm, Nakalai Tesque, Kyoto, Japan). The flow rate was kept constant at 1.0 mL/min, and the elution was under isocratic condition of 3% (v/v) of acetonitrile containing 0.02% trifluoroacetic acid at 40˚C. The ABEE-labeled sugars were monitored by measuring the absorbance at 305 nm. The data were reported as the mean values of three independent experiments.
Determination of total neutral sugars and uronic acid content The content of total neutral sugar (galactose equivalent) was determined by the phenol-sulfuric acid method (Dubois et al., 1956) after correction for interference from uronic acid. Uronic acid content was determined according to the xylenol method (Walter et al., 1993) . The sample in 500 μL of 1% (w/v) NaCl was mixed with 4.0 mL of sulfuric acid in an ice bath, and heated in a boiling water bath for 10 min. The solution was then mixed with 200 μL of glacial acetic acid containing 0.1% xylenol, and left for 10 min at room temperature. The reaction mixture was measured at absorbance 450-415 nm, while D-galacturonic acid solution (0-100 μg/mL) was used to construct the standard curve for the determination of uronic acid content. The data were reported as the mean values of three independent experiments.
Determination of degree of methylation Degree of methylation (DM) in the pectins was determined with using alcohol oxidase (Klavons and Benetter, 1986) . The sample (10 mg) was suspended in 10 mL of 0.5 M KOH for 1 h at room temperature. Adjusting the pH to 7.5 by the addition of 0.5 M phosphoric acid, total volume was measured as 25.0 mL in a mass flask with 50 mM phosphate buffer (pH 7.5). Next, 0.5 mL of solution was reacted with 0.5 mL of alcohol oxidase (1.0 U/mL) at 25˚C for 20 min. Two milliliters of coloring reagent (0.02 M acetylacetone/2 M ammonium acetate/0.05 M acetic acid) was added to the reaction mixture and incubated at 60˚C for 15 min. The color of the reaction mixture developed at absorbance 412 nm was recorded, while methanol solution (0 -10 μg/mL) were used to construct the standard curve for the determination of the methyl ester linkages in the pectic substance. The degree of methylation was calculated as molar ratio of methanol to galacturonic acid and expressed as mean values for three independent experiments.
Fourier transform infrared spectroscopy (FT-IR) FT-IR spectra of the pectins were obtained at a resolution of 1 cm -1 . The pectins were incorporated into KBr (spectroscopic grade) and pressed into 3-mm pellets. The 256 scans were co-added before Fourier transformation. Spectra were recorded in the transparent mode from 4000 to 370 cm -1 , using a Spectrum 2000 (Perkin Elmer Inc., MA, USA).
Size-exclusion chromatography Size-exclusion chromatography (SEC) was performed on the column of Sepharose CL-4B (GE Healthcare, Piscataway, NJ, USA) using a refractive index (RI) detector (RID-10A, Shimadzu Co, Kyoto, Japan) and a 996-photodiode array detector (Waters). The column (47.5 cm × 1.1 cm) was eluted by 50 mM phosphate buffer (pH 6.8) containing 0.15 M NaCl at the flow rate of 0.15 mL/min. The column was calibrated with Dextran 2000, 500, and 70 (GE Healthcare). The sample dissolved in the same buffer (up to 1.0 mg) was injected onto the column and then 1.0 mL fractions were collected. The fractions obtained by the SEC were assayed for neutral sugar and uronic acid content. Protein in the fractions was monitored by UV photometry at 280 nm.
Results and Discussion
Yield and composition of the AIR The AIR content of Japanese pepper fruit was 77.7 g/100 g of dry material (Table  1) , which is higher than that of apple (12.6 g/100 g dry material) (Massiot et al., 1994) and equal to that of cherry fruit (80 g/100 g dry material) (Barbier and Thibault, 1982) . The chemical composition of the AIR is also shown in Table  1 . The AIR contained, on average, ash (5.6 g/100 g AIR), protein (19.3 g/100 g AIR), moisture (8.9 g/100 g AIR), and sugars (57.3 g/100 g AIR). In addition, approximately onefifth of sugars were uronic acid. For neutral sugar composition, the AIR was rich in xylose, galacturonic acid, glucose, galactose, and arabinose, and contained small amounts of glucuronic acid, rhamnose, mannose, and fucose. The pres-ence of large amounts of xylose and glucose in the AIR indicated the probable presence of xyloglucan (Ghosh et al., 2005) . However, galacturonic acid, rhamnose, arabinose, and galactose were the main sugars detected, indicating that pectin was also one of the main polysaccharides in the AIR.
Sequential extraction of pectins Pectins are usually obtained from alcohol insoluble residues by sequential extraction with water, chelating agents (oxalate, ethylenediaminetetraacetate or hexametaphosphate), hot dilute acid, and cold dilute alkali (Bertin et al., 1988) . In this study, the use of water, sodium oxalate, hot 0.05 M HCl and cold 0.05 M NaOH provided a fraction of pectins (Table 2) . Pectins extracted from the AIR with water (P W ) represented 4.7 g/100 g AIR. A small and additional quantity of pectins was extracted by sodium oxalate from the residue of the water extraction (P O = 3.7 g/100 g AIR). A further extraction step was performed with hot dilute acid on the residue of the oxalate extraction (P H = 4.4 g/100 g AIR). The final extraction step, extracting pectin from the residue of the dilute acid extraction with cold alkali (P OH ), represented 10.9 g/100 g AIR. The total pectins (P W + P O + P H + P OH ) represented 23.2 g/100 g AIR, and these are composed mainly of P OH (46.0%); P W , P O , and P H appeared in similar amounts (approximately 20%).
The chemical compositions of the pectins obtained by the sequence extraction (P W , P O , P H , and P OH ) are shown in Reported values are the mean (n=3). a g/100 g dry wt.
b g/100 g AIR.
Values in parentheses are sugar compositions (g/100 g total sugar). Table 2 . The ash content varies from 11.7 g/100 g for P W to 19.7 g/100 g for P O . Protein and moisture content also varies from 0.7 g/100 g for P O to 24.0 g/100 g for P W , and from 9.5 g/100 g for P H to 18.5 g/100 g for P W , respectively. It was revealed that the fractions obtained in this sequential extraction gave similar total sugar contents (approximately 50 g/100 g per pectin), although acid extraction was often the most efficient method for other plants (Thomas et al., 2003) . The uronic acid (expressed as galacturonic acid) contents varied from 10.6 g/100 g for P W to 52.1 g/100 g for P O . Total neutral sugar (expressed as galactose) contents also varied from 2.7 g/100 g for P O to 33.4 g/100 g for P W .
Although water soluble pectins extracted from other souces generally contain lower amounts of glucose (Batisse et al., 1996) , P W contained relatively high amounts of glucose (38.6 g/100 g total sugar), which was comparable to pectins obtained with water extraction from strawberry (29.0 g/100 g total sugar) (d' Amour et al., 1993) . Small amounts of galactose, rhamnose, arabinose, and mannose were also present in P W . Next to neutral sugars, P W contained galacturonic acid (10.6 g/100 g dry material). Because of the unreliable result, the DM of P W was not shown.
Sugar composition analysis revealed that P O consisted of mostly galacturonic acid (95.0 g/100 g total sugar) and contained pretty small amounts of rhamnose, galactose, arabinose and glucose. It must be emphasized that the DM of P O was extremely low (5.3%), whereas pectins extracted by chelating agents often have high DM (70 -80%) (Renard and Thibault, 1983) . P H contained 23.5 g/100 g dry material of neutral sugars, and was rich in arabinose and galactose. This suggested that P H have more or longer side-chains than the others (P W , P O , P OH ). For neutral sugars, P H contained 22.7 g/100 g dry material of galacturonic acid. The DM of P H (84.3%) was highest among the others (P O and P OH ). P OH consisted of mostly galacturonic acid (88.5 g/100 g total sugar), which was comparable to that of P O (95.0 g/100 g total sugar). The DM of the P OH (15.0%) was similar to that of the P O (5.3%) and much lower than that of P H (84.3%). P W and P H had low galacturonic acid/rhamnose molar ratio (1.6 and 7.4, respectively), which indicated that these pectins contained a rather high portion of rhamnogalacturonan, which is called 'hairy' regions (Thibault, 1983) . However, the ratio of P O and P OH was rather high (40.0 and 29.6, respectively), indicating that these pectins contained high portion of galacturonan called as 'smooth region' (Thibault, Reported values are the mean (n=3).
Values in parentheses are sugar compositions (g/100 g total sugar). 
1983).
FT-IR spectroscopy analysis Figure 1 shows the FT-IR spectra of the pectins from the AIR of Japanese pepper furit by sequential extraction with water (P W ), sodium oxalate (P O ), dilute acid (P H ), and dilute alkali (P OH ). Although the FT-IR spectra of pectins exhibited similarities in transmittence patterns, there were some attractive differences. The high intensities of the transmittence of the symmetrical carboxyl ion (COO -) stretching vibration (1415 cm -1 ) (Jin et al., 2006) were observed in P W , P O and P OH , while the intensity of P H was relatively low. In addition, the intensities of the ester carbonyl (C=O) groups (1740 cm -1 ) (Kamnev et al., 1998) were weak for P W , P O and P OH , while high intensity of the ester carbonyl were observed for P H . These indicated that P W , P O and P OH were low methoxyl pectins while P H was a high methoxyl pectin. These results were approximately consistent with the results of DM (Table 2) . Although the DM of P W was not given, the FT-IR spectrum of P W indicated that the DM would be low.
Size-exclusion chromatography Figure 2 shows the elution profile of the pectins from the AIR of Japanese pepper fruit by the sequential extraction with water (P W ), sodium oxalate (P O ), dilute acid (P H ), and dilute alkali (P OH ) onto Sepharose CL-4B. For P W , three major populations could be distinguished (Fig. 2) . First, a high molecular weight population was eluted at the void volume with neutral sugar, uronic acid, UV, and RI responses. It would be a protein-polysaccharide complex such as arabinogalactan-proteins that typically consists of short side chains containing arabinose, and often rhamnose and glucuronic acid, attached to a galactan back bone core (Gane et al., 1995) , some of which are linked to polysaccharides such as pectin. (Oosterveld et al., 2002) . Second, a broad molecular-mass distribution with uronic acid and RI responses was eluted at 20 -40 mL. Most of the second population was found to be homogalacturonan, which was estimated to be low methoxylated by FT-IR spectroscopy analysis (Fig. 1) . Third, a lower molecular weight population was eluted as a large peak composed of neutral sugar, UV, and RI responses at ~50 mL. The peak corresponded to the tail of the uronic acid peak. Therefore, the heterogeneity of the pectin was greater in the smallest molecular weight range.
For P H , two populations were recognized (Fig. 2) ; a high molecular weight population eluted from 20 to 43 mL with uronic acid, UV and RI responses; and a low molecular weight population eluted from 43 mL with neutral sugar, UV and RI responses. The high molecular weight population was eluted with UV response at the start of the peak, which would be protein-polysaccharide complex such as arabinogalactan-proteins as described above. The high molecular weight population consisted of homogalacturonan which, was estimated to be highly methoxylated ( Table 2, Fig. 1 ). The lower molecular weight population peak corresponded to the tail of the uronic acid peak. Therefore, the heterogeneity of the pectin was greater in the smallest molecular weight range. The small peak with UV response was estimated to be lignin derived from degradation of lignocellulose (Lundqvist et al., 2002) . Thus, the P H was characterized of pectins substituted with long neutral sugar side chains.
Three P OH , populations were recognized (Fig. 2) ; the Transmittance (%) Fig. 1 . FT-IR spectra of pectins obtained with water (P W ; ···), oxalate (P O ; ), hot dilute acid soluble (P H ; -), and cold alkali (P OH ; ---) from the AIR of Japanese pepper fruit. first and second were eluted with neutral sugar, uronic acid, UV, and RI responses at the void volume and high molecular weight region (20 -30 mL), respectively. These would be a protein-polysaccharide complex. such as the arabinogalactan-proteins described above. Third, a large, broad peak ranging from 28 to 50 mL was eluted with uronic acid and RI responses, indicating that the population was consisted of homogalacturonan, which was estimated to be low methoxylated (Table 2, Fig. 1 ).
For P O , only one population with uronic acid and RI responses was recognized at 20 -40 mL (Fig. 2) . The results of the compositional analysis (Table 2) , the FT-IR spectroscopy (Fig. 1 ) and this SEC (Fig. 2) indicated that P O was characterized as a low methoxylated homogalacturonan such as a pectic acid. Chelating agents such as oxalate and ethylenediaminetetraacetic acid (EDTA) have been applied to extraction of pectins (Sirisomboon et al., 2001) . To the best of our knowledge, most pectins extracted with chelating agents were high methoxyl pectins, and, moreover, contained a fair amount of neutral sugars. For example, Renard and Thibault (1983) reported that the DM (%) and neutral sugar content (g/100 g AIR) of apple and beet pectins extracted with EDTA were 76 and 18 for apple and 56 and 25 for beet. However, Iglesias and Lozano (2004) revealed that the pectins extracted from sunflower heads with sodium hexamethaphosphate had a DM of 11% and a high galacturonic acid content (77 -85 g/100 g total sugar), which were comparable to those of P O (Table 2) . However, the LMP content of the sunflower heads that could be used for commercial low methoxyl pectin (Iglesias et al., 2004; Chang et al., 1994) was lower than that of Japanese pepper fruit, which was estimated to be 19.3 g/100 g AIR (P W + P O + P OH ). LMP is often used as a gelling agent in low sugar products, such low-calorie jams and jellies, confectionary jelly products, and other food applications. Therefore, AIR from the by-products of Japanese pepper fruit could be an attractive source of LMP. It has also been reported that pectinesterases are found in almost all species of higher plants, catalyzing the de-esterification of pectin and thus decreasing DM. For example, Jiang et al. (2002) have reported that DM of pectin from jelly fig (Ficus awkeotsang Makino) achene seeds decreased rapidly during extraction because of the cleavages of methoxyl groups by pectinesterase. In order to understand the mechanism of the accumulation of LMP in Japanese pepper fruit, we are currently conducting further investigation into the presence and characterization of pectinesterase.
Conclusion
The present paper reported the basic chemical compositions of pectins from the AIR of Japanese pepper fruit, a major by-product of antioxidant extraction. It has been revealed that P W , P O and P OH were characteristic of LMP, while P H was found to be HMP. In addition, the content of LMP was 19.3 g/100 g AIR, which was superior to that of sunflower heads that are considered a promising source of LMP. Although further research on the optimization of pectin production during antioxidants extraction from Japanese pepper fruit is required, the by-product of Japanese pepper fruit is an attractive and interesting source of LMP.
